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CALCULATION OF THE U534 GRADTEN? IN THE GASEQUS DIFFUSION PLANT
' Written by: G. A. Garrett

" Abstract

An approximate mothod is deseribsd for calsulating the
cioady-atate 123 consentration at apy point in ¢he plank,
Ths mothod oonsists of meking two ealculations, as fellows:

{1} king the usu2l produstivity calculstion and ree
garding 8ll congentrations as concentrations of U2
plus U35, -

{2} ¥s¥iog 2 socond caleuletion for determining the frace
%ic;n;() gj? sech concentration czloulatsd in (1) which
is U3, :

The stoady-gtats 1234 soncentration of tho rrodust for ewrrent
oporations as caleub ted by this methed is 2221501%. Ilabormtory
snalyses on ¥oweh Lith gave the produst coneentration of 724 TP
2223001%, end similar smalyses over a pericd of time show thet the
U230 gradient probebly iad nob abtained sbesdy-state on this date,
zings the U234 concsmbration of the product was decreasing grede
vally with btims, :

Curvss are presenied showing the saloulated U2%: gradient in
the plent and that obiained from laboratory enalyses on March Lih,
The latbsr gradlent is consistently higher them the former by aboud
114 of the values,

spd upon on sszsumed walue of 1:18000

At in normal feed madterizl.
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Introdustion

- .In 211 equations and calculations of t he Theorstical Ammlysis Depaprte
mewk herebofore the process ges Has been trested as a mixture of o come
ponents , U2I5FE and U23984, whose molecular welghts are 39 and 352 re-
spectively. The presence of the ccmpovent V23LF4 of molseulnr weight 38
has beem neglested simse, althourh the UQ'&F{S is onriched in the cascade
by & greater factor than the U235Fg, the soncemtration of the VP34 i still
80 small that it ie usvally negligible insofer as the gaseous diffusiom
plant iz comcerned, However, during operationa at high product consentra~
tiong, it iz desireble to be sble to determine the 23, content of the pro=
duct and at various poimbs im 4the easceade, ,

The similsrity botwesn the mathematicel treatmsmt of 2 section of the
gaseous diffusion plant and that of a fractionisation colum has been dag-
eribed in previous reports from this department,  Precise mathemeticnl
treatment of fractionisation columms operating on materials other then a
binary mixture is sxtremely tediscus, and usually invelves an iterative
Sray<to-troy type of computatiom. Similar methods ave prastically hopslesa
whan applied to the diffusion cascads vhars the mwber of s tages runs into
Thousards. Fortunately, however, the faot that the U-23h concentration ig
aimays spall compared te the U 235 concentration makes it possible to develop
an approximate method for a repid calsulatiom of U-23, conventrations through-
out the casceda. It is the purpose of the present report %o present this
epproximate mothod for calculating U-2%; consentrations. ‘

Comelusionsg
Pofdvsibeishecpbeintasmi)

Figure 2 prasents the stoady-state U-C3, gradient for 5he K-25 Plant
ag celoulated by the mothod dessribed hereinm, snd the U-23 gradient obe
waised by laboratory analyses of samples taken March L, 1947, The labw
oratory analysss of the produst over a perlod of itime show that the steady-
state gredient probebly has not yet beem rsached, sinse the U-2%; concen~
tration of the produet is still decressing very gradually. The steady-state
comsentration of U-2%y in the product is caleulatsd o bs 2221501%. The
lsboratory analysis on the above dato was 22030017, A value of 1:18000
for the conventration of U=23l in normal fesd material was used ip the cale
culations. The value for ¢he ratural abundance of U234 aprarently is nct
eseurately known, The computied walues in Pigure 2 are approximately pro-
portional o ths assumed velue for the matural sbundance,

Depivebion of Caleulating Procedure

The forawlas wsed in produstivity caleulations for a snstion in the
esuricher are cbbtained from moluticn of the differential squation

G = Wxg-p) = £ (vp-1) (1)

where x iz the ligh% compoment concentration of the tails
stream at stage m (mol %)
Yp is the light component comcentration of the produst (mol %)
L" is the upflow rete (1b, mols/day) :
P s the produst rate (1b. mols/day)
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1P we uge svbseripts as illustrated in Figure 1,

Y= _Ji =¥ |
X (- i) ()

& goneral theerstlieal expressicm, spplicable to 21l tarriers, relating
pei and operating pressurss is nobt knownm. However, it 1s gensrally be-
lieved thet for separatiom of %wo isotopesz, the relatiomship between ¥/
and pressure has the form

-

= | Ve

where (P, , P, ) is soms function of the high-axd low-side pressures, aand
?ﬁz/’ﬁé, iz the ratic of molecular weights of the jsotopss,

., ¥om at ey point in the cascade the sversge molesular welght of the
23hee and 1R55F4 iz not sensibly different from thebt of the UR35Fg itself,
This stetewend suggests the folleowing approach to the three-iscbtope prob-
lem: :

(1) Considsr the symbols x amd ¥, in Bquebtion 1 exd the x's and y's
. of equaticn 2 ps applying to concentratioms of the mixturs of
13‘4395’6 ond UE ¢ at the appropriate polnks. yeher words,
iz $his phase of the problem we consider ths 023UF, and UE35F4
together a3 a single sompments

P
n
et

Develop additional e%}fﬁim@ for determing the fractions of
z arxd Yo vhich are UrAFg,

Wa now chall develop these additiomel egquatiocns for use in this se-
ovd phase of the problem, Referring to Figurs 1, and using the noemsnelaw-
ture glvem therzin, a materiel balanse on the 32534?6 agross the two atreens
joining shege i ord stage 1 4 1 gives ua the sgqubion '

g_ﬂ - d poes) /,,_-'io i
Ypug = UL )xiw ;’éu + Py ?P (L3

We denols by Xhe symbol ¥ the avalogue to ¥, as applied to the
enrishment of TSIUFL in s mixbure of UROUFE and U2P5F4. Thus

= LizTe (5)
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in the tails stream from stags 1
23 & mol frection of x; which is 23,
¥ 5 mol -frastion of 23 plus 235 in the Treaniwa

in the heads stresm from stage i.
s = mpl fraction of y3 whish is 2%,
Fp z mpl frastica of 2% plus 235 in produst
Zy, = wol freetion of yé shich is 23,
% s Flow vebe in hesds stream (1B, mols/day)
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Assuming thet Bquetion {3) holds and thet P cbeys a similar relationship,
we have

————— .

INEET. |
= N248 =1 .y = 3347 Y (6)
552 _ |

J 249 |

By means of Equstions {2) snd (5}§ we obbain

= (1 PO+ V- k) + PWO-2Y(0-3)]

=y rreo-g)ryvo-n) (7)

Substitubiag {7) in (L), we have

CORIND Sl {fa R [P0t ver)- P@wz;)}m

Fogleoking P/L, which is small compared to uniky, in the depnominator em
the right apd dropping subssrip®s as is conventionally dome in deriving
Bountion (1}, Egim"csm (B8} takse the forn

/ - . - 2 .
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Elimineting g% by means of {1), wo obtaln

dy = Py(-3) - % (o= %) | (1)

Bguations (11) and (1) form a system of two differeatial equwations which,
if solved simuliteansously, wouvld lsad to the determination ¢f 2 amd = 2t
evory point of interes¥, Effeorts at finding useful formules by & simule
tansous solution wore mfruitful., However, by replacing x in Equation
{11) by X, the aversge valus of x for the sectionm as obtained by the usual
productivity caleuletion, it wes found that the calculsted results agreed
vory w2ll with the pland gradient, This approximate formula, for a sece
tiom in ths Fmriehez'» is

~ v — Fye -
%’% = %03 (/"?} - z‘%‘(}P }) (12)

Aralogous equations ere obtained for stripping sections. By inspsstion
of Bquations {12} and (1) we vote that Bquetiom (1) is transformed into
Equation "12) by the following changes

(1) Replacing x by 3

>} Replacizz P by P
{(2) Replaoling P by Yo

(2) ®Replacing L by IS
{I.) Replacing ¥ by ‘P

Thum, it is seen that ovee en "r® productivity calculation has been
2

mede, then the'z"calouls tlon cen easily be made by meking a second cal-
culation afber shanges (2), (3) and (44} are made in 211 caloulation shests,

fg. should bsﬁ'i_mrmz in wind that tho sealoulsted x's are concentrations
£ PR2rFs plus §RI5FL, and that the 2's are freotions of the x's which ars
2 o :
(%)

O

%“, c!%w

nj

Figure 2 shows the seleulsated steadyesiate U23: pradient es computed
by the msihod deseribed ebove, aud elso the V2R gradient as obiained by
laboratory analysss of sampley teken om Harok I}y, 1947. Also showm ia
Figure 2 iz the U2SE gradient obtained by subtracting the eeloulated V2R
consentrations from the "x" gradienmb.

In visw of ths mumercus approximations made in the derivation of this
wethod ; we shall review them at this point in order %o poivs out the meim
uncerteinties in the methed, Al approximations in the derivations are y
Zriviel with the excepbion of twe, as follows: - gt |

(1) The use ¢f ¥ in plase of z im Equation (12)

(2) The uncertsinty in "\".




The effest of ep proximetion (1) mey be made as small as desired by
breaking up the largs sectione into e number of sub«sectione and treating
each subessotiom, using the X for the subaeection, in the same manner .in
wnish the secticns avre wswally treated,

Figuro % shows the “celeulated” ’*z gradient, the ratic of the cone
sentration of ﬂ-ﬁ?é te that of the U 3!%“6 Ué 5% mixturss This is
approximately the sams as the rmiio of the ﬁ233$ songentration 4o that of
7255, It is interestipg to note that in scm of the lower sestions of the
plant the ratio of TR 4o U235 is slightly lezs at the top of the sectiom
thea at the bottem, This means that, as far es the seperation of U2 » ‘
from P35 is corcerned, theso ssations operats below the minimum reflux
vongentration. This also mesnas that thess sectlionz enrich the isstaope of
medium molecuk r weight relatively higher than elther of the other two.
This feet suggests that it mey B2 possible in the design of gaseous diffu-
aion plants to provide for the eonrichment or depletion of one isobope rela-

~ tively more than the obther isotopes.

A Tarrett

Askaowiedrenonks s

The formulss derived herein wers sot up for producstivity calounlaticus
by W. @. Siedepburg. The "x" ealcoulations were mads by E. Usdin.

The U-23L Annlyses of semple 8 taken March Lth were analyzed by the
Viorks lebovetory at the reguszt of B, B.Carter., The data wore supplied
by Dr. Fo We Hurdo
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